In aphids, an identification system based on adult morphology is difficult to apply to larvae or adults of a different morph because of their small size and extensive polymorphism. In this work, identification of aphids using random amplified polymorphic DNA (RAPD) fingerprinting to generate species-specific primers was studied. A total of 20 RAPD primers were screened on eleven members of Aphidinae, i.e., Acyrthosiphon pisum, Aphis craccivora, Aphis gossypii, Aphis rumicis, Cavariella salicicola, Indomegoura indica, Lipaphis erysimi, Myzus formosanus, Myzus hemerocallis, Myzus persicae, and Toxoptera odinae. DNA fragments potentially useful as species-specific markers were selected for six aphid species. A primers set, A02ApF/A02ApR, based on the nucleotide sequence of a specific 462 bp fragment obtained from Ac. pisum by RAPD-PCR using primer A02, amplified this fragment only from Ac. pisum genomic DNA, but not from that of other species. The specificity of the primers for M. persicae was further confirmed using individuals from several field populations. It is concluded that RAPD PCR-SCAR (sequence characterized amplified region) DNA assay is a useful method for the detection of species-specific DNA fragments in mixed populations, and that pertinent data could facilitate development of a realistic quarantine system for pea aphids.
INTRODUCTION
Aphids are small (Ͻ10 mm) and soft-bodied insects with considerable morphological polymorphism, such as intraspecies color variation, apterous (wingless) females and alate (winged) adults, etc. Of all aphid subfamilies, Aphidinae is the most diverse and exceptionally host specific, except for a number of species that are polyphagous agricultural pests (Blackman and Eastop, 2000; von Dohlen et al., 2006) . The latter reproduce all year round parthenogenetically on crops, crowdedly feeding on the young shoots of plants and also transmitting plant viruses (Blackman and Eastop, 2000) . In addition to damages caused directly through feeding behavior, the sooty mold induced by the great amount of aphid honeydew, will hamper photosynthesis, leaving plants wither rapidly. Furthermore, the short generation time and impressive fecundity of aphids accelerate the vicious circle causing considerable economical loss (Lane and Walters, 1991; Blackman and Eastop, 2000) .
Aphidinae, comprising 49% of the genera and over half of the approximately 4,700 described species, are found in temperate and subtropical regions, with the overwhelming majority native to the temperate northern hemisphere (von Dohlen et al., 2006) . Each of the major zoogeographical regions of the world has its own characteristic aphid fauna on native plants. In Taiwan, 277 aphid species have been described, and among them 135 species belong to 55 genus of Aphididae (Tao, 1990) . When introduced to a new locality, aphids with its high fecundity are easily reproduced yearround by parthenogenesis (anholocyclic); and new 'biotypes' could arise through mutation and be selected out rapidly by the new environment (Blackman and Eastop, 2000) .
Since Taiwan became a WTO member in 2002, agricultural products possibly carrying insect pests novel to this area have been imported from all over the world; and identification of over 4,700 aphid species represents great challenges to quarantine workers. The situation demands a reliable and efficient quarantine system. Molecular technology plays an important role in rapid identification of pests and facilitates the implementation of quarantine control. Molecular methods, such as the PCR assay described herein, may be further modified to become a high-output system widely available to entomologists worldwide. Black et al. (1992) reported the first DNA-detecting assays using species-specific RAPD-PCR in four aphids which reproduce asexually and show extensive polymorphism. In order to cope with the problem of non-specific products, Paran and Michelmore (1993) first developed a derived technology, i.e., sequence characterized amplified region (SCAR). SCARs are DNA fragments amplified by PCR using specific 15-30 bp primers designed from nucleotide sequences established in cloned RAPD fragments linked to a target species of interest. With longer PCR primers, SCARs may avoid the problem of low reproducibility generally encountered with RAPDs because these longer primers can stand higher annealing temperature, thus increasing the specificity (Guillot and Mouton, 1996) . SCAR is now often applied to resistance gene test and species classification (Myburg et al., 1998; Zou et al., 2000; Lu et al., 2002) .
As Taiwan imports more agriculture products to fulfill its obligation as a member of WTO, it faces an ever-increasing risk of being invaded by foreign pests. A reliable and rapid quarantine system is needed for agricultural pests, such as aphids, that show great flexibility to different environments and pose huge potential threat to domestic agriculture. The materials used in this study include four aphids which are the most important and worldwidely distributed, i.e., Acyrthosiphon pisum, Aphis craccivora, Aphis gossypii, Myzus persicae, and seven additional species which either belong to the same genus or have the same host plants or body color. This work was carried out in an attempt to develop a system capable of identifying aphids in a short time and establish the molecular database of these species to facilitate customs clearance. (Table 1) , and then immersed in 99% alcohol for preservation at Ϫ20°C.
MATERIALS AND METHODS

Aphid
Twenty individuals of various stages of each aphid species were ground and underwent DNA isolation with Gene-Spin TM -V 2 Genomic DNA Kit (PROTECH). The extracted genomic DNA was preserved at Ϫ20°C.
RAPD-PCR conditions. RAPD primers OPG 1- 20 (Operon Technologies Inc., Alameda, CA, USA) were used for PCR by GeneAmp ® PCR System 2700. The 25 ml reaction solution, containing 50 ng template DNA, 100 mM dNTPs, 1ϫPCR buffer, 1.6 mM primers, and 0.5 U rTaq (TaKaRa, Japan), was subjected to 40 cycles of 94°C 1 min, 35°C 1 min, 72°C 2 min; and the products were stored at Ϫ20°C. In order to obtain consistent amplification patterns, RAPD-PCR was repeated three or four times for each aphid species.
Gel extraction, purification and cloning. PCR products were resolved by gel electrophoresis with 2% agarose gel under 100 V, and meaningful bands were cut from the gel to undergo DNA extraction and purification with Gene-Spin TM 1-4-3 DNA Extraction Kit (Protech Technology Enterprise Co., Ltd.), following the manufacturer's instructions.
The purified products were ligated to vectors with pGEM ® -T Easy Vector System (Omega) and placed at 4°C overnight; and the total reaction volume was 10 ml containing 2ϫRapid Ligation Buffer 5 ml, pGEM ® -T Easy Vector (50 ng) 1 ml, T4 DNA Ligase (3 Weiss units/ml) 1 ml, and DNA 3 ml. The subsequent cloning followed the procedures in the manufacturer's manual.
Sequencing, SCAR specific primer set design and analysis. National Chung Hsing University Biotechnology Center was commissioned to sequencing our purified recombinant DNA (ABI 377-XL, Applied Biosystems, USA). The cloned fragments were sequenced from both ends and the sequence data were used to design 20 bp SCAR primers containing the original 10 bases of the RAPD primers plus the first 10 internal bases adjacent to the RAPD primers. Specific primers designed by Vector NTI ® 7.0 (InforMax Inc., USA) were synthesized by Protech and GeneMark companies.
SCAR amplification of aphid genomic DNA was performed in 25 ml reaction mixtures containing 50 ng of template DNA, 25 mM of dNTPs, 1ϫPCR buffer, 0.5 U of rTaq (TaKaRa), and 0.2 mM of each synthesized primer. The PCR cycling conditions used were 5 min at 94°C, followed by 25 cycles of 94°C 45 s, 55-68°C 45 s, 72°C 1 min, and a final cycle of 72°C 5 min. Agarose gel electrophoresis was performed as described for RAPD analysis.
RESULTS AND DISCUSSION
Primer OPA-02 (5Ј-TGCCGAGCTG-3Ј) amplified a 450 bp DNA fragment from Ac. pisum, whereas this fragment was absent in all remaining species (Fig. 1A) . Thus, this fragment is considered unique to Ac. pisum. Similarly, OPA-05 (5Ј-AGGGGTCTTG-3Ј), OPA-07 (5Ј-GAAACGGGTG-3Ј), and OPA-18 (5Ј-AGGTGACCGT-3Ј) were able to amplify unique fragments from L. erysimi, M. persicae, and A. craccivora, respectively (Fig.  1B, C, E) ; and primer OPA-10 (5Ј-GTGA-TCGCAG-3Ј) was found to amplify one fragment, but of different length, from M. formosanus and M. A. gossypii; 2, L. erysimi; 3, A. craccivora; 4, Ac. pisum; 5, M. persicae; 6, A. rumicis; 7, T. odinae; 8, M. formosanus; 9, M. hemerocallis; 10, I. indica; 11, C. salicicola; M, molecular size standards. hemerocallis (Fig. 1D) . No unique DNA band was detected for the remaining five aphid species. Sequences of the unique fragments from the six aphid species and specific primer sets designed from these sequences are given in Table 2 .
In order to demonstrate that the specific primer sets designed were highly specific to the given aphid species, we tried to use each primer set to amplify the genomic DNA of all 11 species of aphids used in this study. While primer set A02ApF/ApR produced no amplified product other than a 462 bp fragment from Ac. pisum colony ( Fig. 2A) , it also produced the same DNA fragment from Ac. pisum at different nymphal and adult stages (Fig. 3A) . No DNA product was observed using this primer set on any other aphid species colony (Fig. 2) . Therefore, it is a reasonable conclusion that the 462 bp fragment of Ac. pisum can be considered species-specific. With similar approach, primer sets, i.e., A05LeF/A05LeR, A07MpF/MpR, A10MfF/MfR, A10MhF1/MhR1, A18AcF/AcR, were found to amplify by PCR fragments of 953 bp, 844 bp, 941 bp, 390 bp, and 906 bp, respectively, for L. erysimi, M. persicae, M. formosanus, M. hemerocallis, and A. craccivora identification. The potency test results of the remaining primers sets are shown in Figs. 2 and 3 , which confirm that we have effectively designed specific primer sets to distinguish these six species of aphids.
Aphis species are difficult to identify by their morphological characters or host plants. Such is the case of polyphagous species A. gossypii or A. rumicis. RAPD-PCR can produce bands diagnostic for aphid sibling species or strains of some aphids (Black et al., 1992; Cenis et al., 1993) . In our study, we combined the concepts of RAPD-PCR and SCAR to develop species-specific primers sets for different aphids. Among the 11 species examined, species-specific primers sets have been designed for six of them and the remaining aphids await further investigation. The current results confirm the feasibility of RAPD PCR-SCAR technique in the identification of some aphid species.
The specificity of the primers was further confirmed when primer set A07MpF/MpR successfully amplified the correct fragment from each sample of M. persicae with different plant hosts and body colorations (Fig. 4) . Wide host range is a well-known character of aphids, and our results on M. persicae presented a persuasive demonstration that RAPD PCR-SCAR technique is able to identify a given species from different field populations. In addition, SCAR-PCR species-specific oligonucleotide primer set A02ApF/ApR proved useful for detecting Ac. pisum from Thailand (June, 2006) (Fig. 5) , a meaningful observation for quarantine system.
In this study, we found several unique DNA fragments that can be used in RAPD PCR-SCAR analysis to identify six aphid species of Taiwan; and the fragment for pea aphid can also be used to identify Ac. pisum from Thailand. More efforts should be made in finding species specific primers 94 W. N. LU et al. for aphids, especially those of agricultural importance, so as to enlarge the DNA database for reliable identification and efficient quarantine systems, such as the microarray techniques. 
